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Abstract 
ASME  Technical  Paper  ES2010-90396  "Solute  Ion  Coulomb  Force  Monopole  Motor  and  Solute  Ion 
Linear Alignment  Propulsion"  by the author describes a motor that is based on an arrangement  of solute ion 
electric  field  monopoles.[1] That  is, through  a  process  called  capacitive  deionization,  sodium  and chlorine  
ions  in salt  water  are  captured  and  confined  by  an  electrically  conductive  material  to  form electric field 
monopoles.  At least four of the like charged  monopoles  (all negative or all positive) can be arranged on a disc. 
At least one stationary  monopole of the same charge is placed adjacent to the disc and positioned so that a 
repulsive electric field is formed between the stationary monopole and at least one of the monopoles  positioned  
on the disc so that the disc is then forced to rotate a shaft at the center of the disc. This paper analyzes the 
behavior of the dielectric  materials forming  part of the monopoles  to show that the net torque on the motor is 
greater than zero and also illustrates a novel effect of polarization  of a dielectric  material positioned  between 
two like-charged  monopoles  as occurs in the configuration  of the monopole  motor and a deficiency in the 
conventional closed path analysis for work performed during movement of electric charges that emit electrostatic 
fields by failing to consider the effects of dielectric materials in shielding the electrostatic fields. The monopole  
motor connected  to an to  electrical  generator can provide continuous  on- board  electrical   power  to  
electrical   loads  for  local  and  deep  space  applications  including  power  to electrode  assemblies  designed  
for linear alignment  of like-charged  solute ions as a means of propulsion and particle acceleration  as described  
in the ES2010-90396  paper.  Details of the monopole motor and the propulsion are available in WO 
2008/024927  A2 (and US2010/0199632  A1)  "Solute Ion Coulomb  Force Acceleration and Electric Field 
Monopole Passive Voltage Source"  by the author Ref.[2]. 
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1. Nomenclature 
In this paper, the torque provided by an electrostatic motor is analyzed, in which the motor is constructed of 
stator monopoles and rotor monopoles made by confining like charged solute ions such as sodium and chlorine. An 
unusual effect of polarization of dielectric material when positioned between like charged monopoles is described.  It 
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is shown that the conventional analysis of charges moving in a closed path fails to consider effects of dielectric 
material,.  This fact is of extremely important significance with respect to the monopole motor.   
 
 
Nomenclature 
 
F Coulomb force F between the monopoles 
k 9 x 109 Newton-meter2/coul2   
İ dielectric constant for water of about 75-81  
q1, q2 charge in coulombs   
r  distance between the charges in meters 
E energy in Joules 
m mass in kilograms 
c speed of light, 3 x 108 meters/second 
ĭ electric flux in Volts-meter2 
E electric field in Newtons/coulomb or Volts/meter 
r radius of a monopole semi-cylinder 
L length of a monopole semi-cylinder 
Q charge in coulombs 
İ0 permittivity of free space 
 angle between rotor monopole and X-X axis 
F electrostatic force in the counterclockwise direction 
F’  electrostatic force in the clockwise direction 
d  moment arm for electrostatic force F in the counterclockwise direction 
d’  moment art for electrostatic force F’ in the clockwise direction 
TCCW  torque F•d in the counterclockwise direction 
TCW  torque F’•d’ in the clockwise direction 
ds  differential of the path s in carrying a charge from a position a to a position b 
F  mechanical force required to carry a charge from a position a to a position b 
2. Introduction 
 There  are  several   laws  of  physics  that  are  considered  fundamental   and  inviolable.    These  include 
conservation   of   momentum,      conservation   of   angular   momentum,   conservation   of   energy   and 
conservation  of  charge.    The  first  three  are  often  summarized   as  "Momentum,  energy  and  angular momentum 
cannot be created or destroyed." However, in an article entitled "Is the Universe Leaking Energy?", Tamara Davis 
discusses the redshifting of light, or the expansion of the wavelength and loss of energy with the expansion of the 
universe.  The idea of drawing an imaginary membrane around a region of the universe and adding up the energy 
inside is discussed, and Davis states that "The situation would be even more complicated  if the accountants were to 
count dark energy, which is causing the universe to accelerate.  The nature and properties of dark energy are still a 
complete  mystery, but it appears that dark energy  does  not dilute  as the  universe expands.  Thus  as  the  volume  of 
the  membrane  increases,  the amount of energy in that volume increases as well, with the additional  energy 
seemingly coming out of nowhere! One might think that the increase in dark energy could  balance out the losses in 
all other forms of energy, but that is not the case.  Even if we take dark energy  into account, the total energy within 
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the membrane is not conserved."   Although it is concluded  that there is no loss of energy of the light, when 
considering the universe as a whole, there is no unique value to the energy of the universe.  The universe does not 
violate conservation of energy, rather it lies outside that law's jurisdiction[3]. 
 
 A solute  ion Coulomb  force  monopole  motor has  been described  in ASME Technical  Paper  ES20 10-
90396  "Solute  Ion Coulomb  Force Monopole Motor and Solute  Ion Linear Alignment  Propulsion"[lt For the 
purposes of this paper, it is necessary to describe the motor again  in detail.   See FIG. 1 (FlG. 98 of WO 
2008/024927  A2[2]). The motor is based on an arrangement  of solute ion electric field monopoles. That  is, through  a  
process  called  capacitive  deionization,  sodium  and  chlorine  ions  in salt  water  are captured  and confined  by an 
electrically  conductive  material  to form electric field monopoles. At least four of the like charged monopoles (all 
negative or all positive) can be arranged on a disc. At least one stationary  monopole of the same charge  is placed 
adjacent  to the disc and positioned so that a repulsive electric field is formed between the stationary monopole and 
at least one of the monopoles positioned on the disc so that the disc is then forced to rotate a shaft at the center of the 
disc. 
 
    
 
Fig. 1 - Electric Field Monopole Motor 
 
 FIG.  I   illustrates that at least four of the like charged monopoles (all negative or all positive 945 or 955) 
can be arranged on a disc (1302a).  At least one stationary or stator monopole (945" or 955") of the same charge is 
placed adjacent  to the disc (l302a) and positioned so that a repulsive electric field is formed between the stationary  
monopole and at least one of the rotor monopoles positioned on the disc (l302a), causing a repulsion force F, so that 
the disc (l302a) is then forced to rotate a shaft (l304a) at the center of the disc.  The monopole at positional rotates 
to position a4 while the monopole at position a2 rotates to position a1, the monopole at position a3 rotates to 
position a2 and the monopole at position a4 rotates to position a3 in a repetitive manner. 
 
 The Coulomb force F between the monopoles (945 and 955) is given by Coulomb's Law, i.e.,  
 F = (k/İ)[(ql)(q2)/(r2)]                                                                                                                                     (I) 
where k = 9 x 109 Newton-meter2/coul2  and İ = dielectric constant for water of about 75-81, q I    a n d  q2 are the 
charge in coulombs and r is the distance between the charges in meters.  Only a very small amount of charge in 
each monopole is required,  i.e., 10 millicoulombs,  (less than a milligram) to provide a force of about  44,000  
Newtons  (almost  4490  kg or  1 0 , 0  0 0   lbf)  if monopoles  are  separated  by  0.5  meters.  In actuality,  
mostly air, having İ = 1,  would be present in the space  between the monopoles and the force would be 
multiplied accordingly,  i.e., 3,564,000  Newtons  (about 364  metric  tons)!   The electric field, and  thus  the 
force  F,  torque  and  angular  velocity  Ȧa  of  the disc  (1302a),  can  be controlled  by  the stationary  or stator  
monopole  (945" or 955") by opening  and closing  the layer of insulation  (Pl45e, Pl45f  and  Pl55e,   Pl55f)  
that  was placed around  each  monopole  to vary the force  between  the stator monopole (945" or 955") and 
the rotor monopoles (945 or 955).    Note that ceramic materials have an E ranging from about 2000 to 15000, 
and in most cases would be the preferred insulating material. 
 
 It is stated that the law of conservation of charge dictates that constant, unchanging potential energy in 
the form of an electric field is continuously emitted from the like charged solute ions (Cl- or Na+), regardless of 
any prior repulsive or attractive interaction with other charged  ions. That is, for a singly charged ion, the 
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charge q always remains at 1.6 x 10-19 Coulombs. Conservation of energy is manifested by the forces of 
repulsion F between the one or more stator monopoles (945 or 955') and the rotor monopoles (945 or 955).   It is 
further stated that without conservation of energy, rotation and power output from the motor would not be 
possible. 
 
  The purpose of this paper is to demonstrate that the net torque on the motor is greater than zero so 
that useful work can be extracted, and that, in a true sense, this is not a violation of conservation of energy. 
    
Fig. 2 - Monopole Motor Driving an Electrical Generator (AC or DC) 
3. Extraction of energy from electric fields 
 It is well known that an atom is composed of positively charged protons and negatively charged 
electrons and, except for hydrogen,  also neutral  neutrons.    Since  the  nucleus  is composed  of  protons,  which 
strongly  repel each other,  it is the strong or nuclear force which  binds the protons together despite the 
electrostatic  forces  of  repulsion.    When an external  neutron  impacts  most  isotopes,  radiative capture occurs 
with excitation energy appearing as a gamma ray.  However, there are certain heavy elements or isotopes such 
as thorium,  uranium and plutonium  in which the impact of an external  neutron causes a different  reaction, 
namely, the splitting  of the nucleus into two massive elements.   This process is also well known: nuclear 
fission.[4] 
 
 Nuclear  fission  is  actually  the  repulsion  and  expansion  of  protons  within  the  nucleus  due  to  
the electrostatic fields or Coulomb forces following impact by a thermal neutron to cause a net energy gain or 
release of energy with a decrease in mass of the products according to     E = mc2.[5]   Nuclear  fusion  occurs  
when  the  repulsion   forces  of  the  electrostatic   fields  between,  for  example, deuterium  nuclei (i.e., 
positively charged  ions) are overcome, again to cause a net energy gain or release of energy also with a decrease 
in mass of the products according to E = mc2. 
 
 It is also  known  that  the electric  fields  emitted  by the positively  charged  protons  and  the 
negatively charged electrons represent one form of energy.  The energy of a single point charge q is 
 
                                                                                                                                   (2) 
 
and the energy density at the distance r from the charge is 
 
                                                                                                                     (3) 
 
 Feynman  states that there is nothing  impossible,  in principle, about  extracting  energy  from an 
electric field and there are fields where it is possible. While the result for r =     is zero, a problem occurs when 
r = 0.  Feynman states that locating energy in the field contradicts the assumption of the existence of point 
charges.   If it is assumed that elementary  charges such as an electron are actually small distributions  of 
charge,  there  arises a difficulty  with  this  point of view.   Similarly,  if it is assumed  that something  is wrong  
with the theory of electricity  at  very small  distances,  or  with the idea of  local conservation  of energy, 
difficulties arise also with such assumptions.  These difficulties still exist to the current day. [6] 
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4. Electric field monopole as a Gaussian surface 
FIG. 3 illustrates an electric field monopole 945 or 955 that forms either a stator monopole ST or a 
rotor monopole RT.  A thin rectangularly-shaped  electrode 145a or l55a composed of, for example, a material 
such as carbon aerogel or a conductive  corrosion-resistant  metal such as bronze is embedded  in a cavity or 
depression  in a rectangularly-shaped dielectric  backing material 130 such that one side S145a or Sl55a of the 
electrode  145a  or  I55a  is exposed  to  the solution  10 and  the other  side  and  the edges  of the electrode  
l45a or  l55a are interfacing  the walls and surfaces of the cavity or depression  in the dielectric material  130. 
 
 Additionally,  a  cylindrically-shaped  electrically   conductive   material  P l45a   or  P155a  surrounds  
and confines the surface Sl45a or Sl55a of the electrode 145a or 155a exposed  to the solution  10.  The 
cylindrically-shaped  electrically  conductive   material  P l45a  or  P l55a   is  further  surrounded  itself  by 
movable segments of dielectric  material Pl45e or P l45f that form a longitudinal  portion of a cylinder so that 
the electrically conductive  material Pl45a or Pl55a,  the solution 10, and the electrodes 145a or 155a can  be  
entirely  enclosed  by  both  the  dielectric   backing  material  130  and  the  movable  segments  of dielectric  
material Pl45e  or Pl55e. 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 - Construction of a monopole  
 
 It is assumed that the process of capacitive deionization  has been applied to each monopole and that 
each monopole  is effectively  confining  for  a  substantial  amount  of  time  either  a  significant  quantity  of 
negatively charged  solute  ions  101, such  as chlorine  ions, or a significant and equal  number  of positively 
charged solute  ions l 02, such as sodium  ions, within the solution  10. 
 
 As was described in the ES2010-90396 paper,  due to the repulsion  forces  between  the like-
charged ions, the like-charged ions  l 0 l  or  l02 reach  an equilibrium position  on the electrode surfaces  S 
l45a  or S l 55a, within  the  solution   l 0,  and  on  the  interior  surfaces of  the  cylindrically-shaped  
electrically conductive material Pl45a or Pl55a that surrounds the solution   10.   As a result,  in 
accordance with  Gauss's  Law, when  the movable  segments of dielectric material  Pl45e or Pl45f are 
opened  to expose  the cylindrically- shaped  electrically  conductive  material   Pl45a or  Pl55a, each   
monopole  forms   essentially  a  semi- cylindrical electrically conductive surface enclosing either  like-
charged ions 10 l or  I 02 on one side and a rectangularly-shaped dielectric material  130  on the other  side.   
The  like-charged solute  ions  101 or  102 are assumed to be uniformly  distributed along  the length L of the 
cylinder. 
 
 As per Gauss's Law, the electric flux ĭ from  the semi-cylindrical electrically conductive surface  is 
+
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given by: 
 
 ĭ = EA = Eʌ:rL = Q/İ0                                                                                       (4) 
 
where  E =the electric  field in Newtons/Coulomb or volts/m,  ʌ r L   is the surface area of the semi-
cylinder having a radius  r and  length  L, Q is the amount  of charge  in Coulombs (proportional to the 
number  of solute ions and the charge  of each  ion), and İ0  is given  by 
 
        (i.e. Newton-m2/Coulomb2)                                                        (5) 
 
where İ0 is the electrical  permittivity of free space  and c is the velocity  of light, 3 x I 08 m/s. 
 
 With respect  to the dielectric  backing  material  130,  the application of the electric field  E orients  
the dipole moments of polar  molecules  within  the  material  from  an initially  random  state  before  
application of the electric field. 
 
 As  shown   in  FIG.  4,  in  a  conventional scenario,  a  dielectric  material   is  placed   between   
a  pos1t1ve electrode and a negative  electrode of a capacitor.  The dielectric  material  is thus equally  
distant  from each electrode and the charge  of one electrode is positive  and the charge  of the other  
electrode is negative.   The polarization of the atoms  composing the  dielectric material  decreases the 
effective electric  field  Eeffective between the parallel  plates produced  by a given  charge density  as 
follows: 
 
 Eeffective = E - Epolarization = ı/kİo                                                                                       (6) 
 
where  ı is the charge  per unit area,  k  is the dielectric constant  of the material  and the factor  by which the 
effective electric  field  Eeffective decreases due to the polarization of the dielectric material, and İo is the 
permittivity of free space.[7] 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 4 - Conventional scenario - dielectric material between parallel plate electrodes 
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Fig. 5 - Dielectric material (movable insulating layers) between two interfacing positively charged monopoles 
 
 
In  FIG. 5,  in contrast  to the conventional  scenario  of a dielectric  material  placed  between a  
positive electrode  and a negative electrode  of a capacitor,  there  is illustrated  two  layers of   dielectric  
material placed  between two positively charged  monopoles,  i.e.,  monopoles confining  positively charged 
solute ions such as sodium. ions.  The two layers of dielectric material Pl45e  or Pl45fare assumed to represent 
the movable insulating layers surrounding  the respective monopoles.   Thus, FIG. 5 is a simplified representation  
of the  initial construction  of  the monopole  motor when  a stator  monopole  and a  like- charged  rotor 
monopole are positioned  to interface one another with the movable insulating layers in the closed position for 
each monopole.  Since the decrease in the effective electric field is proportional to the degree  of  polarization,  it 
appears  that  a  very  interesting  result occurs.  Namely,  the  positioning of the dielectric material between the 
two like-charged  monopoles may actually further increase the polarization and  thus  further  decrease  the  
effective   electric  field  between  the  monopoles   as  compared  to  the conventional scenario illustrated in 
FIG. 4. 
 
As will be discussed in the next section,  if the two layers of dielectric material are moved out of 
position so  that the  conductive  surfaces  of  each  monopole  are  exposed  to one  another,  then  the 
electrostatic repulsion force between each  monopole  will predominate  and should  result as the motive force 
for the motor. 
 
 
FIG. 6 represents a simplified  version of the electrically  conductive  surface  P l45a  or Pl55a  of a 
stator monopole  interfacing  with the dielectric  backing  material  130 of an oncoming  rotor  monopole.   
The electrostatic  force  F' is represented  by the dashed  arrows.   It can  be seen  that  in a similar  manner as 
shown  for FIG. 5, both the electrostatic  force F' from the stator monopole  in the  upper position and the 
electrostatic  force from the solute  ions  I 02  immediately on the opposite  side  of the dielectric  backing 
material 130 of the rotor monopole in the lower position both induce polarization  in the dielectric backing 
material.    It  appears  again  that there  is an  increase  in polarization  in the  dielectric  backing  material. 
Again  it may  be the case that  the effective  electric  field  between  the solute  ions  102 and conductive 
surface of the stator monopole and the solute ions 102 of the rotor monopole that are on the opposite side of 
the dielectric  backing material  130 is further decreased as compared to the conventional  scenario of a 
dielectric material between a parallel electrode plate capacitor as shown in FIG. 4. 
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Fig. 6- Electrostatic force between conductive surface of a stator monopole and dielectric backing material of an 
oncoming rotor monopole 
 
Feynman  describes   how  a  non-uniform   polarization  can  result  in  a  net  charge   in  the  body  of  
a dielectric.[8]  Feynman also states the following: "....What does happen in a solid?  This is a very difficult 
problem which has not been solved,  because it is, in a sense, indeterminate.    If you put charges inside a 
dielectric solid, there are many kinds of pressures and strains.  You cannot deal with virtual work without 
including also the mechanical energy required to compress the solid, and it is a difficult matter, generally 
speaking,  to make a unique distinction  between the electrical forces and the mechanical  forces due to the solid 
material itself.  Fortunately, no one ever really needs to know the answer to the question proposed. He may 
sometimes  want to know how much strain there is going to be in a solid, and that can be worked out.  But it is 
much more complicated  than the simple result we got for liquids." [9]   
5. Dielectric analysis for net torque on the motor shaft 
Turning  to FIGS. 7  to 10, the solute  ion Coulomb  force motor will be analyzed.    FIGS. 7  to 10 
show a four-rotor  four-stator  vertical monopole  design.   These figures are modified versions of the single-
stator four-rotor monopole version illustrated  in FIG. l. For simplicity, the first stator monopole mounted on 
the interior surface of the casing is designated as I  and its corresponding  rotor monopole mounted on the rotor 
disc  is also designated  as  l.  The second  through  fourth stator  monopoles  also  mounted on the interior  
surface  of the casiing  are  designated  as 2, 3 and 4  while the corresponding rotor  monopoles mounted on 
the disc are also designated as 2, 3 and 4, respectively.  The shaft is shown at the center of the four rotor 
monopoles  I to 4.  The disc is not explicitly shown. 
 
As is well known, in engineering  thermodynamics,  the first law of thermodynamics is illustrated by 
the "control   volume"  concept  in  which,  for  example,  the  cylinder  of  an  internal  combustion engine  is 
assumed  to define the control  volume and it is shown that the heat (Q) transferred  to the control volume from 
the combustion  is converted  to a change in internal energy (U) of the compressed  air-gas mixture within the 
cylinder and flow work (PV) on the piston. 
 
Therefore,  for the current example,  a control  volume is assumed to coincide  with the square housing 
or casing surrounding  the disc, the four rotor monopoles  l  to 4 and the four stator  monopoles  l to 4.  We 
define a horizontal axis X-X and a vertical axis Y-Y passing through the shaft centerline so as to divide the 
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casing into four A, B, C and D.  Horizontal axis X-X divides quadrants A and B from quadrants C and D along 
the length of rotor monopole 4 and along the length of rotor monopole 2 in their initial positions shown in FIG. 
7.  Similarly, vertical axis Y-Y divides quadrants A and D from quadrants  B and C along the length of rotor 
monopole  I  and along the length of rotor monopole 3 in their initial positions shown in FIG. 7. 
 
 Thus, one stator monopole is positioned along one of the inner walls of each of the four quadrants A, B, 
C and  D.   For the  purposes  of  this  analysis,  the  repulsion  forces  between  the stator  monopoles  will be 
neglected  since  it is assumed  that the stator  monopoles  are maintained  in a rigid or fixed position with 
respect  to each other, although  consideration  of those forces  is necessary for the overall  design of the 
housing  and  the  motor.   Similarly,  the  repulsion  forces  between  the conductive  surface  of each  rotor 
monopole and the dielectric backing material of an adjacent rotor monopole will also be neglected since it is 
again assumed that the rotor monopoles are maintained in a rigid or fixed position with respect to each other on 
the disc, but again consideration  of these forces is necessary for the design of the disc and shaft of the motor.  
Thus, only the forces between the stator monopoles 1 to 4 and the rotor monopoles 1 to 4 will be considered 
for this analysis. 
 
In  FIG.  7,  the  conductive  surface  of  the stator  monopole  I   and  the  conductive  surface  of  the  
rotor monopole 1 are directly facing each other.  We will define angle  as the angle between rotor monopole 4 
along its length and the X-X axis in quadrant  A.  In FIG. 7, the rotor monopole 4 coincides with the X-X axis 
and therefore,  = 0.  In FIG. 8,  = ʌ/8 or 22.5°.  In FIG. 9,  = ʌ /4 or 45°.  In FIG. 10,  = 3 ʌ /8 or 67.5°.  In 
FIG. 7, in quadrant A, there are at least two sources of electric fields.  One source is the electric field  ERT1 
emitted  internally within  the solution  10 of first rotor monopole  1.   A second source is the electric field 
emitted externally from another monopole,  particularly first stator monopole 1.  The electric field ERT1 emitted 
internally within the solution  10 of first rotor monopole 1 is at a very close distance to the dielectric  material, 
since the ions 101 or 102 are distributed along the convoluted surface area of the carbon  aerogel  material and 
therefore  closely  positioned  with respect to the dielectric  backing material 130. 
 
 However,  the electric  field EST1 emitted  from  the first stator  monopole  I   is of the same charge as the 
charge of the first rotor monopole 1.  Additionally,  it is separated  by a considerable distance from the first rotor  
monopole  1.   Furthermore,  at no point during  the proposed  operation  of the  motor  is there any positioning  of the 
dielectric  material between parallel electrodes or, in this case, monopoles.   ln contrast to the simplified  version 
illustrated and discussed  above with respect to FIG. 6, at all times, there is an angle between the conductive surface 
of the stator monopoles 1 to 4 and the dielectric backing material of the oncoming rotor monopoles 4 to I.  As 
discussed with respect to FIG. 6, at the same time, the dielectric backing material is subjected to an electric field both 
from the solute ions that it is confining and that are in very close relationship and it is also simultaneously  subjected  
to an electric field from the conductive surface  of  a  neighboring  stator  monopole  mounted  on  the  interior  of  the  
housing  and  also from  an adjacent rotor monopole mounted on the disc. 
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Fig. 7 - Monopole motor mounted in casing at position  = 0 
 
 lt is well known that in the case of the insulating material surrounding  a conductive  wire in an 
ordinary electric cord, the electric field from the conductive  wire is reduced by the insulating material. In view 
of the foregoing  differences  from  the conventional  scenario  described  above  with respect  to  FlG. 4 of a 
dielectric  material  inserted between  two parallel  plate electrodes,  and as explained  with  respect to the 
discussion  of FIG. 6, a crucial  point in this analysis  is that it is assumed that the electric fields from the 
sources  mentioned are reduced in both directions as they pass through the dielectric  backing material.   It is 
assumed  as well that the reduction  in field strength  is proportional  to the dielectric  constant for the material 
composing the dielectric  backing material.   It will be assumed that ceramic materials are used for the dielectric  
backing  materials  and that such  materials  have a dielectric  constant  ranging from about 2,000 to about 
15,000 demonstrated for heretofore conventional applications. 
 
 For simplicity,  in FIGS. 7-10,  it is only practical  to show an effective electrostatic  force F between 
the electrically  conductive  surface  of a stator  monopole  and a rotor  monopole  by means of a single solid 
arrow.    The  moment  arm  around  the  shaft  is  given  by  a  distance  d  from  the  shaft.    An  effective 
electrostatic  force F' between the electrically  conductive  surface of a stator  monopole and the dielectric 
backing material of an oncoming  rotor monopole  is shown  by a dashed arrow.  The moment arm around the 
shaft is given by a distanced' from the shaft.  Also, the distances d and d' are only shown in FIG. 7. 
 
 Turning  specifically  to FIG. 7, in Quadrant  A, we see that there  is an effective  electrostatic  force 
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F1-1  between stator monopole 1  and rotor monopole  1   having a moment arm d 1-1  around the shaft which 
tends to impart a counterclockwise  rotation of the disc (assumed to be + rotation).  At the same time, there is an 
effective  electrostatic   force    F'1-4  between  stator  monopole  1  and  the  dielectric  backing  material  of 
oncoming   rotor  monopole  4  having  a  moment  arm  d'1-4  around  the  shaft  which  tends  to  impart  a 
clockwise  rotation of the disc (assumed to be - rotation).   Due to symmetry, similar forces and moment arms 
occur in Quadrants  B, C and D with respect to effective forces F2-2,    F'2-1, F3-3,   F'3-2  and F 4-4, F '4-3 and 
moment arms d 2-2, d'2-1 , d 3 - 3 ,  d'3-3  and d4-4, d'4-3, respectively. 
 
Thus, the net torque for the motor at  = 0 is given by the following equation: 
 
T  =  0  = [(FI-1•d1-1) + (F2-2•d2-2) + (F3-3•.d3-3) + (F4-4•d4-4)] - [(F'I-4•d'1-4) + (F'2-1•d'2-1) + (F'3-2•.d'3-.2) +    
(F'4-3•d'4-3)]                                                                                                                   (7) 
   
 
Fig. 8 - Monopole motor mounted in casing at position  = ʌ/8 
 
 Since we are assuming a dielectric constant for the dielectric backing material ranging from about 2,000 
to about 15,000, given that the distances are in the same range of about  0.5 meters, even if the moment arms for 
the clockwise  torque are greater than the moment arms for the counterclockwise  torque by a factor of two  or  
more,  it  is  virtually   impossible  for  the  clockwise   torque  or  moment  to  be  equal  to  the 
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counterclockwise  torque or moment.   A zero torque condition  would require an incredible  balancing of the 
forces  on the  motor,  which is particularly  difficult  to imagine occurring  once an  initial rotation  is assumed 
to occur such that rotation would cease. Rather, the counterclockwise  torque or moment must be greater than 
the clockwise torque or moment by a factor  probably at least in the range of 1000 or more. 
 
 In FIG. 8, for  = ʌ/8 or 22.5°, the magnitudes and the directions of the effective  electrostatic  
forces change and there are additional effective electrostatic  forces and moment arms.  In the 
counterclockwise direction, there is now: 
 
T CCW = [(FI-1•d1-1) + (FI-4•d1-4) + (F2-2•d2-2) + (F2-1•d2-1)  + (F3-3•.d3.3) + (F3-3•.d3.1) +                            
      (F4-4•d4-4) + (F4-3•d4-3)]                                                                                                                            
[8a] 
 
while in the clockwise direction, the torque is now: 
 
T CW = [(F'I-4•d'1-4) + (F'I-3•d'1-3) + (F'2-1•d'2-1) + (F'2-4•d'2-4) + (F'3-1•d'3-1) + (F'3-2•d'3-2) +  
                 (F'4-2•d'4-2) + (F'4-3•d'4-3)]                                                                                                                        
[8b] 
 
Again, Tccw  -  Tcw must be greater than zero for the same reasons given above with respect to FIG. 7. 
 
 In FIGS. 9 and 10, for  = ʌ/4 or 45° and for  = 3ʌ /8 or 67.5°, the magnitudes and the 
directions of the effective electrostatic forces again change but the number of effective forces reduces back 
to four each in the counterclockwise and clockwise directions as in FIG. 7.  Specifically, for both FIG. 9
and FlG. 10, the net torque is given by the following equation: 
 
T net  = [(FI-4•d1-4) + (F2-1•d2-1) + (F3-2•.d3-2) + (F4-3•d4-3)] -  
               [(F'I-3•d'1-3) + (F'2-4•d'2-4) + (F'3-1•.d'3-.1) + (F'4-2•d'4-2)]                                                                                
(9) 
 
 The directions and magnitudes differ for each figure but the conclusions are the same: the net torque 
is greater than zero. 
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Fig. 9 - Monopole motor mounted in casing at position  = ʌ/4 
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Fig. 10 - Monopole motor mounted in casing at position  = 3ʌ/8 
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6. Comparison to conventional electrostatic path analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
Fig. 11 - A charge can be in equilibrium if there are mechanical constraints 
 
 At this point, it is useful to mention another example of Feynman: that no rigid combination of 
charges can have a position of stable equilibrium in an electrostatic field in free space.  FIG. 11 illustrates that 
a charge  placed  in the  center  between  two other  outside  charges  of the same  polarity  will  continue  to 
oscillate  back  and  forth  horizontally  and  vertically  between  the  two  outside  charges  because  the 
electrostatic  field  of the  outside  charges  causes  the charge  in the  center  to  never  be  in equilibrium. 
However, the hollow tube can act as a mechanical constraint and prevent vertical motion due to the "non- 
electrical" forces from the tube walls.[10] 
 
 Returning again to the conclusion that the net torque is greater than zero, one might object that the 
foregoing  conclusion is incorrect because the work done around a closed path is zero, i.e., E•ds = 0. That is, 
as shown  in FIG. 12 (FIG.4-2  of Feynman)[11], the work done depends only on the beginning and end 
points and is independent of the path used to arrive at the end point.  The conclusion would be drawn that, 
therefore, no work can be performed by the monopole motor. 
 
 However, such a conclusion would be based on applying the oversimplified path of FIG. 12.  In the 
path analysis of FIG. 12, external mechanical  force F is implicitly being employed to "carry" the test charge 
either in a direction working against the electric field between the two charges or in a direction working with 
the electric field between the two charges.  Furthermore, since there is no dielectric material present, there are 
no shielding effects applied to the electric field by means of a dielectric material. 
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Fig. 12 - The work done in carrying a charge from a to b is the negative of the integral of F • ds along the path taken. 
 
The situation  of the monopole  motor  is more complicated.    A simplified  version of the  monopole 
motor  based  on each  stator  and rotor  monopole  being represented  by a single  charge  on a length  of 
dielectric  material is shown in FIG. 13-14.   As in FIGS. 7-10, the rotor monopoles Rl,  R2, R3, R4 are 
positioned 90 degrees apart and connected to the shaft at the center while corresponding stator monopoles Sl, 
S2, S3, S4 are positioned to initially interface  the rotor monopoles Rl,  R2, R3, R4 in FIG.  13.  In FIG.   14,  
the   single  charge   on  each   of  the  rotor   monopoles   Rl,   R2,  R3,  R4  has  moved   90° 
counterclockwise. 
 
We can  easily  understand  that  as 360°  rotation  occurs,  the single  charges  return  to  their  
original position in FIG. 13.  We might conclude that in conformance  with the path analysis of FIG. 12, no 
work was done by the charges on the rotor monopoles  Rl,  R2, R3, R4 because they circled  around to 
their original position in a closed path. 
 
 However, such a conclusion neglects the fact that there is no external mechanical force being 
applied to work either with or against the electric fields.  Instead, the charges on the rotor monopoles Rl,  R2, 
R3, R4 have been subjected to a repulsion force by the electric fields of the stator monopoles  S1, S2, S3, S4 
and therefore,  the emission of the electric fields by the charges on the rotor monopoles  Rl,  R2, R3, R4 exerts 
an internal  mechanical  pressure on the dielectric  material which is connected  to the shaft in a similar   
manner  as  noted  above  in  FIG.   11 where  a  hollow  tube  forms  a  mechanical constraint. Additionally, the 
configuration  of the  monopole  motor  is explicitly  designed  to employ  the  shielding effects of the dielectric 
material and for the dielectric material to cause rotation of the shaft.  Any rotation of the shaft represents work 
output.  Due to conservation of energy, the mechanical pressure of the single charge on the dielectric  material 
will cause movement of the dielectric material and thus rotation of the shaft.   Unless  the  net torque  around  
the shaft  is zero,  and  it has been shown  here that  it is virtually impossible for the net torque to be zero, the 
shaft will continue to rotate, especially if we also consider the effects of angular momentum,  and thus work will 
be extracted from the electric  fields, which Feynman has said is not impossible and can be done in certain 
situations.[11]  Even if there is a position where the net torque  is zero, conservation  of angular  momentum  
must be considered  which,  under the enormous forces available from the separated  charge, will very likely 
cause the motor to continue to rotate.  Thus, the author submits  that it is unscientific  to reject the concept  of 
rotation of the shaft and extraction  of work  from the electric fields  based solely  on the overly  simplistic  
conventional  path analysis.   C o n s i d e r  t h e  2 0 1 1 Nobel Prize in Physics has been awarded for the discovery 
of dark energy and there appears to be significant evidence that neutrinos travel faster than the speed of light. 
another path 
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Fig. 13 - Simplified illustration of the monopole motor in an initial position  = 0° with a single 
positive charge interfacing surfaces of each stator monopole S1, S2, S3, S4 and rotor monopole 
R1, R2, R3, R4. 
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Fig. 14 - Simplified illustration of the monopole motor in a secondary position  = 90° with a 
single positive charge interfacing surfaces of each stator monopole S1, S2, S3, S4 and rotor 
monopole R4, R1, R2, R3. 
7. Conclusion  
 In the current analysis, a control volume has been drawn around the monopole motor.  We are 
confronted with the question, as in the case of the imaginary membranes in a portion of the universe and dark 
energy, what is the source  of the electric charge and the electric  field?   Clearly, the electric field represents  a 
source  of energy.    Converting  this  energy  to kinetic  energy  relies on  the  validity  of  conservation  of 
energy.   Without conservation  of energy,  there can be no movement  of the rotors due to the repulsion forces.   
Perhaps there is a reduction  in mass of the solute ions as the motor is operated.  However, it is unclear how 
such a reduction  could occur  if the solute  ions used are protons since these represent  the lightest element 
(perhaps an emission of quarks, gluons, etc.).   Perhaps there would be a reduction in charge of the solute ion as 
the motor is operated. This  by itself would  be an astounding  discovery  but not likely to occur  based on 
known  experimental evidence. 
 
 If the caveman or cavewoman had waited for an understanding of fire before using it, we would not be 
here reading  this paper.   Similarly,  if modern humanity had waited to understand  whether  an electron  is a 
distribution of charge or a point charge before using electricity, we would have a very different world.  In view 
of the economic  and climatic challenges  facing the world today, can we justify not experimenting with  the  
proposed  concept  because  it  may  perhaps  violate  our  current  understanding  of  the  law  of conservation of 
energy or of charge? 
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Author’s response: As mentioned in the ASME 2010-90396 paper, the act of dissolving salt in water appears 
to "violate" conservation of energy because it requires only 6 KJ/mol while the combination of metallic sodium with 
gaseous chlorine yields about 410 KJ/mol. This is sometimes attributed to the dielectric effects of the polar water 
molecule separating the Na+ and Cl- ions in the water. Not surprisingly, the theory of solvation by Arrhenius was 
met with great resistance when first proposed in 1887. 
 
In my opinion, the capacitive deionization process is another example where conservation of energy is "violated" in 
the conventional sense. The proper reference point for the force required and thus the work required to separate 45 
coulombs of solute ions per gram of carbon aerogel is the mechanical force described by Feynman in FIG. 4-2 which 
is FIG. 12 of this SPESIF 2012 paper. However, it would take an ENORMOUS MECHANICAL FORCE and thus an 
ENORMOUS AMOUNT OF WORK to separate 45 coulombs per gram mechanically. (Consider nanorobots rowing 
single ions in nanorowboats).   
 
Instead, a voltage of only about 1.5 Volts times a current of about 10 milliamps operating for 3600 seconds or more 
would provide the 45 coulombs. How is this possible? I believe it is because the electrodes enable another 
circumvention of conservation of energy as it is conventionally interpreted, similar to the actions of the dielectric 
material.  The electrodes enable balancing the positive and negative ions so the positive ions Na+ can move towards 
the cathode and the negative ions Cl- can move towards the anode.  
 
With respect to the motor, the presence of the dielectric material enables a reduction of the forces acting against the 
forces favoring the continued rotation of the disk and shaft. 
 
